Introduction: Solanum nigrum and Phyllanthus niruri are common herbs which are indigeneous to India. Solanum nigrum commonly called 'manathakkali Keerai' in Tamil, forms an indispensable part of South Indian diet. Phyllanthus niruri (keezhanelli in Tamil) is a widely used medicinal plant, the leaves of which have been used extensively in Ayurveda and native medicine to cure various liver ailments. The herbs Solanum nigrum and Phyllanthus niruri have been found to be effective against numerous enteropathogens in various in vitro studies.
INTRODUCTION
The oral cavity is colonised by a group of intricate micro-organisms which grow as a distinct oral biofilm, the dental plaque. This tooth adhering film causes the most common oral microbial infection known to man, called dental caries [1] . The prevalence of dental caries in India ranges from 60-65%, indicating its extensive occurrence [2] .
Caries has a multifactorial aetiology with micro-organisms, tooth structure, refined sugars and time, playing vital roles in the disease process. Micro-organisms like Streptococcus mutans cause initiation of carious lesion on the tooth. The chief cariogenic micro-organisms are mainly Streptococcus mutans, Streptococcus sanguis, Streptococcus salivarius, Streptococcus mitis, Streptococcus sobrinus and Lactobacillus acidophilus [1] . Thus, inhibition of the growth of these micro-organisms can curb the incidence of dental caries. Streptococcus mutans antigens are also being studied extensively for use as a vaccine against dental caries [3] .
Herbal medicines are becoming popular in the current era, with people preferring them over conventional drugs to treat ailments with the notion that they cause lesser adverse effects. Also, certain pathogens have developed resistance to the conventional antiseptics and antibiotic, stipulating their cautious use [4] . According to WHO strategies and guidelines proposed in 2002 for herbal medicines, any plant is considered to have therapeutic potential if a portion of the plant has been proved to have beneficial effects for the treatment of a disease through meticulous research [5, 6] . Thus on going effort to find an anticariogenic agent which eliminates or inhibits the cariogenic organism from herbal sources would be a boon.
In India the application of herbs for treatment has been an integral part of our culture and continues to play a key role. It forms the basis of the origin of ancient medical sciences like Ayurveda and Siddha. Thus the use of indigenous herbs could provide an alternative to conventional treatment modalities [7] . Solanum nigrum or black berry night shade in English have been used as herbal remedy to cure various liver ailments, stomach disorders, asthma, whooping cough etc., [8] .
Similarly Phyllanthus niruri commonly termed 'stone breaker' in English is a common weed, found in both cultivated fields and wastelands. It is considered to be antihepatotoxic, antihepatitis-B and an antidiabetic [9] [10] [11] . As per our knowledge there was no other studies done to evaluate the anticariogenic effect of Solanum nigrum and Phyllanthus niruri. We started this work with the hypothesis that the herbs Solanum nigrum and Phyllanthus niruri can inhibit the growth of cariogenic organisms. Thus the aim of the present study was to assess whether these herbs have antibacterial effect on cariogenic organisms 13419. The organisms were revived and the sugar limited cultures were maintained at a pH of 7 throughout the stationary phase. The leaves of the two plants Solanum nigrum and Phyllanthus niruri were dried in shade and powdered using a blender. The resulting powder was then stored in air tight wide mouth containers. A 25 mg of herbal powders were dissolved in 75 ml ethyl alcohol (1:3 w/v) and extracted at room temperature. The solution was then placed in an orbital shaker and left for three days. The resulting solution was filtered using a whatman filter paper. The filterate was placed in a rotary evaporater. The powder obtained was weighed and 100 mg of the powder was mixed with 1 ml of DMSO (Dimethyl Sulphoxide) and stored in amber coloured bottles at a temperature of -20°C for further use [4] .
MATERIALS AND METHODS
The antibacterial susceptibility was tested by agar well diffusion method. Inoculums were prepared and adjusted to 0.5 McFarland turbidity standard guidelines [12] . The inoculum suspension from the nutrient broth was streaked uniformly on TSA-BA and MRS agar. Wells were cut into the lawn cultures with a sterile borer of well of 0.5 cm diameter in the pathogen inoculated media. A 50 µl of each extract were aseptically filled into the well. The plates were placed at room temperature to allow diffusion of extract into the agar for a period of one hour. It was then incubated for 24 hours at 37°C. The results were recorded by measuring the diameter of zone of inhibition at the end of 24-48 hours. A 0.2% chlorhexidine was used as a positive control, while DMSO medium without the herbal extracts was taken as a negative control. After incubation the clear zone around the wells was measured in mm and was recorded as the zone of inhibition. The test was done in triplicates and average values were recorded.
The MIC Determination and MBC determination was done using the broth dilution method [12] . A pure culture of the test organism was grown in the respective broth. A 100 µl of the nutrient broth was mixed with 100 µl of the herbal extract (1:1) in column 1 of the microtitration tray. After the herbal extract has been diluted, 100 µl volume of the diluted herbal extract from column 1 was added to each dilution vessel in column 2 using a multichannel pipette, 100 µl was then removed from column 2 and added to column 3. Thus serial dilution beginning from 100 µl to 50 µl, 25 µl, 12.5µl, 6.25 µl till 3.125 µl was performed. The inoculated, serially diluted herbal agent was then incubated for about 24 hours. The series of dilution vessels were then observed for microbial growth, indicated by turbidity in the bottom of the vessel. The last dilution tube that did not show growth corresponded to the MIC of the antimicrobial agent. The MIC dilution and two other dilutions of the herb were then plated to determine the Colony Forming Units (CFUs). The MBC (Minimum Bactericidal Concentration) value was determined as the lowest concentration at which 99.9% of the bacteria showed lysis [12] .
The results were tabulated and since the data obtained was non parametric, Mann-Whitney test was used to compare the zones of inhibition of the two herbs.
RESULTS
The results have been summarised in [Table/ Fig-1-8] . The herb Phyllanthus niruri Labelled as 'A' (9.6 mm-11.6 mm) showed lesser antibacterial inhibition than Solanum nigrum (12.3 mm-14.6 mm) labelled as 'B'. The results were statistically significant for Streptococcus sanguis, Streptococcus salivarius, Streptococcus oralis and Streptococcus mutans (p-value<0.05). Although for Lactobacillus acidophilus, the inhibitory effect of Solanum nigrum was more than Phyllanthus niruri, the p-value>0.05 indicating that it is not statistically significant [Table /Fig-3] . The MIC and MBC were also found to be least. The MIC for Lactobacillus acidophilus (25 and 50 mg/ml) for both the herbs Solanum nigrum and Phyllanthus niruri respectively, indicating that these herbs were effective antimicrobials even in lower concentrations [Table /Fig-9 
DISCUSSION
In the Indian subcontinent herbal medicines are widely used and very often are the only treatment option for more than 70 percent of the population, particularly in rural areas. Over the years the potential chemotherapeutic property of herbal drug and its ability to counteract the antibiotic resistance has led to numerous innovation using herbal molecules [13] . Phyllanthus niruri and Solanum nigrum are indigenous herbs which have been used in India for treatment of various ailments [9] .
The present in vitro study showed that the herbs Solanum nigrum and Phyllanthus niruri have an inhibitory effect on the growth of cariogenic organisms Streptococcus mutans, Streptococcus sanguis, Streptococcus salivarius, Streptococcus oralis and Lactobacillus acidophilus which were cultured in their respective mediums. Any agent showing a zone of inhibition of more than 3 mm is considered to be an effective antimicrobial [12] . The result of our study showed both the herbs Solanum nigrum and Phyllanthus niruri had antimicrobial inhibitory zones ranging from 9.6-14.6 mm [ . The MIC obtained for Escherchia coli was 50 mg/ml which is similar to the MIC value obtained for Lactobacillus acidophilus in our study. The antimicrobial activity was more for the methanolic extract than for aqueous extract. Since organic solvents are better than aqueous extract proved through previous studies, probably due to the fact that active components readily dissolve in solvent compared to water, so in our study we used ethanolic extract of the leaves of Solanum nigrum and Phyllanthus niruri.
The antibacterial effect of dried powdered Solanum nigrum fruits which were extracted in different organic solvents (Petroleum ether, chloroform, Dichloromethane, ethyl acetate, acetone, methanol) and water were evaluated against the pathogens Micrococcus luteus, Staphylococcus aureus, Salmonella typhi, Eschericha coli and fungus Candida albicans. Herbs which were extracted by using more polar solvents like methanol (7-14 mm zone of inhibition) had significant antimicrobial activity compared to those extracted with less polar solvents (3.6-9.8 mm) [15] . A similar study was done by Kasa P et al., was having significant antibacterial activity against all pathogens excluding Staphylococcus aureus and Pseudomonas aeruginosa [17] . Our study was the first such attempt to study the effect of these herbal leaf extracts of Solanum nigrum and Phllanthus niruri on caries causing pathogens.
Thus the present study confirms that the herbs Solanum nigrum and Phyllanthus niruri are potential anticaries agents. Numerous plants have been used to extract biomolecules and have been incorporated in toothpastes for use in oral care therapy [18] [19] [20] . The anticariogenic potential of the herbs in our current study, once proven through research can be incorporated into products for oral care.
LIMITATION
The limitation of this research include-it was not performed with various types of extract at different concentration, and studied only the alcoholic extracts of the herbs. This was an in vitro study, since the in vivo environment is unique, we cannot anticipate the same results when the herb is used in vivo settings. The present study used only the leaves of the herbs; the other parts of the plant like the seeds, stem, and fruits should also be explored for their antibacterial potential. The functional activity of the herbs Solanum nigrum and Phyllanthus niruri should be interpreted by cell culture studies as well and the molecular mechanisms of action should be elucidated.
CONCLUSION
Hence, we can conclude from the present study that Solanum nigrum and Phyllanthus niruri are potent antibacterial agents against Streptococcus mutans, Streptococcus sanguis, Streptococcus salivarius, Streptococcus mitis, and Lactobacillus acidophilus. When the activity of the two herbs were compared Solanum nigrum showed greater activity than Phyllanthus niruri. This in vitro study showed that the herbs have substantial anticariogenic potential, further research can lead to isolation of the key molecules responsible for the antibacterial action.
